The receptor pigment for phototropism in higher plants is not known with certainty (15, 16, 25) . Re- cently, several authors (4, 8, 13) have reported that preillumination of etiolated grass seedlings greatly affects both pigment content and subsequent phototropic response of their coleoptiles. This phenomenon appeared to us to be potentially useful in assessing the relative importance of various pigments suspected of being light receptors in phototropism. We have therefore endeavored to obtain quantitative descriptions of the alteration of phototropic response and of the content of various pigments in grass coleoptiles following preillumination. In this work we have usedl the classical phototropic object, the oat coleoptile, as well as the coleoptiles of three strains of barley, differing greatly in their content of various pigments. The comparison between oat and barley is instructive in that oat requires pretreatment with red light for repression of the first internode and promotion of growth of the coleoptile, while in barley, the first internode is genetically repressed, and the coleoptile can develop in complete darkness. However, such completely etiolated barley coleoptiles were so insensitive as to be unsuitable for phototropic experimentation, and in the end, preirradiation had to be used for both oats The dry, unhusked seeds were individually planted in 38 X 12 mm shell vials into which had been rolled 40 X 20 mm strips of filter paper. The seeds were held in place by the paper, embryo side toward the filter paper, just below the opening of the vials.
submitted to Yale University in January 1960. 3 Permanent address: West African Cocoa Research Institute, Tafo, Ghana.
Several hundred seeds were prepared in this way and stored dry in a cold room at 20 C. To induce germination, the dry-planted seeds were transferred into a dark room (temp. 27 + 1°C), where distilled water (ca. 1.5 ml) was added to the vials. The strips of filter paper, in addition to holding the seeds in place, also served as wicks to supply moisture to the seeds. The vials with moist seeds were arranged in 3 X 3.5 X 21 cm lucite troughs, and the whole arrangement was kept in a moist chamber in the dark room. The seedlings were used for the experiments when they were 68 to 72 hours old.
II. PREILLUMINATION. Certain seedlings were illuminated with red or blue light prior to phototropic stimulation. The oats were preilluminated from above with red light produced by a 15 w General Electric red fluorescent tube which had previously been wrapped with three thicknesses of duPont red cellophane. This red source had an emission maximum at about 650 m/A (30) and an energy output of ca. 150 ergs cm-2 second-1. Two sets of barley were preilluminated, with red and blue light, respectively. The red source was similar to that described for oats, but with the intensity reduced to ca. 3 ergs cm-2 second-1. The blue source was produced by a 15 w General Electric blue fluorescent tube which had been wrapped with three thickness of duPont blue cellophane. The emission maximum of this source was 450 myA (30) , and the energy output was ca. 3 ergs cm-2 second-'. III (27, 29 (11, 15, 16, 22, 25, 26, 28 B. Reciprocity test and action spectrum for phototropism. One of the conditions that must be fulfilled in a photobiological process before a valid action spectrum may be constructed is that reciprocity be obeyed, i.e. that the product of intensity X time be a constant (5, 6) . As a first step in the construction of an action spectrum for the phototropic responses of Clinton oat coleoptiles, we decided to test reciprocity by the use of the 10 R plants of the previous experiment. The choice of pretreatment was dictated by the fact that plants in this condition gave a log-dosage response which was linear over a fairly wide range of energy dosages (fig 3) . The intensities of blue light selected at 460 mA for the reciprocity test were 1.0, 2.0, 4.0, 5.0, and 10.0 ergs/cm2/second.
Each of these intensities of corresponding length of exposure was selected in order to produce a constant irradiance of 20 ergs/cm2. This total incident energy was chosen for convenience since it had been used in previous experiments to obtain more than half maximal first positive curvatures.
Within the ranges of blue light intensity used the coleoptiles were found to obey the reciprocity law (fig 4) , thus corroborating the results of Blaauw (3) , and of numerous other authors.
The action spectrum for phototropism ( fig 5) was constructed by plotting the number of quanta required to produce a standard positive curvature at wavelengths between 400 and 500 mA. 8) , in that plants exposed to lower intensities for a longer time showed a higher response than those which were given the same total irradiance for a shorter time. Briggs (7) has found a similar case of nonreciprocity at certain energy levels in oat and corn coleoptiles.
C. Action1 spectrumiii for phototropism in barley.
The failure of reciprocity makes the construction of a validl action spectrum difficult. In the following attempt, the variability of responses introduced by nonreciprocity was minimized by choosing identical irradiation times and intensities at each of the different indicates inflection point. * A mixture of zone IV and the pigment of completely dark-grown coleoptiles was chromatographically inseparable. Both pigments, as well as the pigment of zone V were lhypophasic when partitioned between petroleum ether and an aqueous solution of 90 % MeOH, while the pigments of zones I, II, and III were epiphasic. ** The U.V. spectrum of zone IV in CHC13 had maxima at 335 and 322 mu.
grown under conditions of complete etiolation. Its absorption spectrum in various solvents is shown in figure 13 . (10) proposal that pigments of the coleoptile tip are different from those contained in the base is not supported by our data. Curry and Gruen (12) , and by Delbriick and Shropshire (14) . It has been shown by these groups of investigators that an additional peak of phototropic activity does occur in the near-ultraviolet at approximately 360 to 370 mn. This near-ultraviolet peak, which is characteristic of flavin absorption, cannot be identified with absorption by any carotenoid known to exist in the coleoptiles of oats, barley, or Phycomyces.
In the wavelength regions 410 to 500 my, the flavins and the carotenoids possess absorption spectra that are almost identical, depending upon the nature of the solvent used. For example, while FMN in water possesses only two prominent maxima at 450 my and 380 mn, in aqueous pyridine it shows two additional peaks in the visible region, at 470 and 420 mr/, and the near-ultraviolet peak is shifted to 350 mr.
The visible spectrum of 3-methyllumiflavin in benzene (20) closely resembles that of the carotenoid lutein in organic solvents ( fig 13) . Also, the electrontransferring flavoprotein described by Beinert and Crane (1) shows absorption characteristics similar to those of carotenoids, with the exception of the nearultraviolet peak, which is not shown by the carotenoi(ls.
These facts contradict the frequent statement that flavins possess only one absorption maximtum in the blue, and that the multiple-peaked action spectra for phototropism can therefore be attributed only to carotenoidl absorption (12, 23 barley do not follow the reciprocity law; a given total excitational energy given in a longer exposure is more effective than the same energy given in a short exposure. B, Much larger total energies are required to elicit curvature. C, The action spectrum shows a continued increase in activity with decreasing wavelength of light employed. These differences could all be explained in terms of the generalization that barley lacks a first positive curvature, and that the curvature being studied here is equivalent to the second positive curvature on the Avena curve.
Briggs (7) has proposed that in plants such as oats which follow reciprocity at low light intensities of phototropic excitation, the failure of reciprocity at high excitational energies may be due to inactivation of the photoreceptive pigments. Prolongation of the excitation could lead to a regeneration of pigment and a resumption of phototropic activity. This hypothesis may also explain the situation observed in barley, with the omission of the first step involving initial reciprocity. These possibilities must be tested further.
SUMMARY
A comparative study has been made of phototropic behavior in one strain of oats and three strains of barley including a so-called albino. The major differences revealed are A, Oats require preirradiation with red light to repress growth of the first internode, while in barley, the first internode is geneticallv repressed. In 
